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Metals covered by a thin layer of non-metallic
impurities have enormous capabilities for permeation and
absorption of suprathermal atoms and ions of hydrogen
isotopes. Hence, metallic membranes and panels covered by
such impurity layers can be applied for particle control and
separation of D/T from He in fusion devices. Reduction in
the impurity coverage by sputtering, however, degrades the
absorption and permeation capabilities. It has been reported
that the durability of a Nb superpermeable membrane
against sputtering was improved by introduction of oxygen
into the membrane!). This improvement can be attributed to
the compensation of surface oxygen concentration by
segregation of oxygen from the bulk. Systematic study,
however, has not been carried out on the relevance between
bulk oxygen concentration in Nb and kinetics of surface
reactions of hydrogen isotopes. In the present study, the
permeation of hydrogen through Nb membranes containing
different bulk concentrations of oxygen was examined to
study the influence of oxygen on the kinetics of dissociative
absorption and recombinative release of hydrogen.
Oxygen was introduced into membranes of
polycrystalline Nb to concentrations from 0.03 to 1.5 at%.
The permeation of hydrogen through the membranes was
examined in an ultra-high vacuum apparatus at temperatures
from 473 to 1573 K. The sticking coefficient and
recombination rate constant of H2 was determined from the
permeation rate in the steady state. The temperature
dependence of oxygen coverage was examined by Auger
electron spectroscopy.
The sticking coefficient of H2, a, radically decreased
with increasing bulk oxygen concentration as shown in Fig.
1. Similar reduction was observed also in the case of
recombination rate constant, kr- Hence, it was concluded that
oxygen in the bulk of Nb segregates to the surface and
impedes surface reactions of H2• No significant difference,
however, was observed in the temperature dependences of a
and kr at different bulk oxygen concentrations. It was found
that the activation energy for dissociative absorption
changed sharply at around 1273 K; it was ca. 5 kJ-mor! in a
lower temperature region and ca. 50 kJ-mor! in a higher
86
temperature region, respectively.
The surface analysis showed that the oxygen surface
coverage Box had very weak temperature dependence in the
lower temperature region and decreased with increasing
temperature in the higher temperature region. These
observations indicate that the activation energy of
dissociative absorption obtained in the lower temperature
region at constant Box, 5 kJ'mor!, corresponded to the
potential barrier against the H2 dissociation, Ec, while the
value obtained in the higher temperature region was an
apparent activation energy determined by the combination of
Ec and the heat of oxygen segregation controlling the
temperature dependence of Box.
The value of Ec thus obtained was comparable to that
on a clean Nb surface, although the dissociation of H2 was
radically impeded by the presence of oxygen as mentioned
above. These results suggest that the potential barrier on the
surface of polycrystalline Nb covered by oxygen was not
homogeneous: a small portion of surface kept the intrinsic
activity for H2 dissociation, while a majority was poisoned
by oxygen. New model was proposed to describe the
influence of oxygen on the dissociative absorption, in which
the reduction in a with increasing bulk oxygen concentration
was ascribed to the decrease in the number of surface sites
remaining active. The decrease in kr was explained by the
same model.
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Fig. I Correlation between sticking coefficient of H2,
a, and bulk oxygen concentration.
Reference
I) Nakamura, Y, Busnyuk, A., Suzuki, H., Nakahara, Y,
Ohyabu, N. and Livshits, A., J. Appl. Phys. 89, (2001)
760.
